Purpose The widespread drug resistances against bacteria have been increased at an alarming rate and coerce to develop new designs with improved potency. Pharmacophore is the part of a molecular structure that responsible for a particular biological or pharmacological interaction. Lipophilicity is one of the key factors that play a crucial role in designing novel antibacterial agents. This parameter has been used in connection with blood-brain barrier (BBB) distribution or intestinal drug absorption and is sculpting by partition of a solute between n-octanol and water (LogP). It has been shown that increased lipophilicity can be correlated with increased biological activity, poorer aqueous solubility, more rapid metabolism and elimination, increased rate of skin penetration, increased plasma protein binding and faster action. Therefore, the purpose of this study is to estimate Lipophilicity in correlation with pharmacophoric nature of the compounds. Method In this study, a series of pyrazole derivatives were prepared through Schiff base condensation. Different groups were tuned as toxicophore at one end of molecular framework in order to identify their pharmacophoric function. All molecules were characterized through spectroscopic methods viz. IR, ESI-MS, 1 H-NMR, 13 C-NMR and elemental analysis. Antibacterial activities of all the derivatives were evaluated against Escherichia coli and Mycobacterium tuberculosis in comparison to standard drugs. Result The compound 4-bromo-N-((5-chloro-3-methyl-1-phenyl-1H-pyrazole-4-yl)methylene)benzenamine (2j) was found the most promising among others with cytotoxicity 33.5 µg/mL determine through Brine Shrimp lethality bioassay. Conclusion Electron withdrawing groups play a significant role in lipophilic control and inhibition action.
Introduction
Bacteria are most commonly associated with human and animal infections. Development of antimicrobial resistance is a major obstacle in the treatment. The WHO has given major emphasis to bacterial resistance stating seriousness of the life threatening future problems due to common infections and minor injuries [1] . Therefore, it is an urgent need for expansion of active agents for the treatment.
A systematic search creates substantial attraction for the 5-membered ring compounds with three carbon and two adjacent nitrogen atoms. Pyrazole containing pharmacoactive agents play important role in medicinal chemistry and exhibit anti-inflammatory [2] , antibacterial [3, 4] , anti-convulsant [5] , anticancer [6, 7] , antiviral [8] , antioxidant [9] , anti-tubercular [10] , and fungicidal [11] activity. Recently, a new pyrazolone compound, Edaravone (3-methyl-1-phenyl-2-pyrazolin-5-one, also known as MCI-186) a novel radical scavenger [12] has been developed as a drug for brain ischemia [13] [14] [15] . It inhibits both nonenzymatic lipid peroxidation and lipoxygenase pathway and has potent antioxidant effects against reperfusion-induced vascular endothelial cell injury, delayed neuronal death, brain edema, and concomitant neurological deficits [16] . The aim of this study was to 1 3 prepare a library of pyrazole derivative and explore them against pathogens.
Lipophilicity is one of the key factors in designing novel antimicrobial agents, and depends on aromatic ring count. Aromatic ring possesses fewer degree of freedom than chain compounds which increase ligand receptor binding energy [17] . Thus, here we envisaged pyrazole based representatives with phenyl ring and different toxicophoric groups that could lead to new analogous for evaluation as antibacterial agents.
Result and Discussion
The designed scaffold (inspired from the structure of drug, Edaravone) has three parts: pyrazole nucleus as backbone with -CH=N fragment for antimicrobial action, the phenyl moiety to enhance lipophilic conduct, and toxicophoric groups. Variations in proposed scaffold can be gifted with choice of toxicophores selected (Fig. 1) .
The compound 1, 5-chloro-3-methyl-1-phenyl-1H-pyrazole-4-carbaldehyde was prepared through Vilsmeier-Hack reaction of 3-methyl-1-phenyl-2-pyrazolin-5-one reported elsewhere. A library of compound 2a-p was prepared through Schiff base condensation reaction between 1 and substituted aromatic amine or using different toxicophores (Scheme 1). The desired product was formed as solid in excellent yields and dried under vacuum.
Spectral data (IR, 1 H-NMR, 13 C-NMR, Mass) and elemental results of 2a-p were fully in agreement with the proposed structure. In FT-IR spectra of 2a-p, the band at 1726 cm −1 due to -CHO group, was found absent, indicates complete condensation of carbonyl group and a new absorption band arises at about 1598 cm −1 (ascribed for stretching frequencies of ν(HC=N-) imine linkage); supports product formation [18] . Further the sharp singlet in 1 H-NMR of 2a-p appeared in between δ 9.98-9.30 ppm, was due to imine proton and in 13 C-NMR spectrum signal for imine carbon arrived at δ 160 ppm, was also in support of product formation [19] . Molecular weights were determined by ESI-MS, where [M+H] + ion peak appeared in each case as expected [20] .
Medicinal chemistry is predominately focused on designing of organic molecules. The obstructive action of a compound against germs was related to chemical structure and specifically to substructures or certain groups called toxicophore or pharmacophore [21] . The knowledge of these chemical functionalities was identified by the chemist. Thus, with this aim a set of groups were carefully selected as pharmacophore to conferred different electronic environment. Electron donating (-CH 3 , -OCH 3 and -OH), electron withdrawing (-Cl, -Br and -NO 2 ) groups and biologically active pharmacophores (benzimidazole, benzothiazole and antipyrine) were chosen as toxicophoric substituent in proposed scaffold.
To investigate in vitro antibacterial potency, 2a-p was screened against E. coli, MTCC 1304 and M. tuberculosis, ATCC 27294 by agar well diffusion method [20, 22] . Ciprofloxacin (CP), Gatifloxacin (GT), Isoniazid and Rifampicin were used as positive controls with respect to bacterial sensitivity. DMSO served as a negative control for all bacteriological experiments. The Muller Hinton (MH, Himedia, Mumbai) and (L-J) Lowenstein-Jensen medium (l-asparagine, 3.6 g; monopotassium phosphate, 2.5 g; MgSO 4 , 0.24 g; sodium citrate, 0.6 g; malachite green, 0.4 g; potato flour, 30 g; glycerol, 12 mL were mixed in 1000 mL of egg suspension) were used for cultivation of E. coli and M. tuberculosis respectively. The MIC (minimum inhibitory concentration) test was used to establish bioactivity and effectiveness of compounds against studied pathogen. The successive dilution method [23] was used for MIC evaluation. The MIC was defined as concentration of higher dilution tube in which bacterial growth was absent. MIC results (µg/mL) were depicted in Table 1 .
The antimicrobial activity results ( Fig. 2a-d ), displayed that compound bearing -Cl and -Br as toxicophore exhibit good inhibition spectrum in comparison to others. The compound 2j (with bromo group at 4-position of the ring) was the most active to inhibit bacterial growth at 0.31 µg/mL against E. coli and 3.12 µg/mL against M. tuberculosis. The significant increase (P < 0.0001) in zone of inhibition was observed for 2j against E. coli (19 mm) as compared with CP and GT ( Fig. 2a, b ). For M. tuberculosis the values of zone inhibition (14 mm) obtained with 2j was most significant (P < 0.05 and P < 0.0001), in comparison of Isoniazid and Rifampicin, respectively ( Fig. 2c, d) . However, the compound 2n with benzothiazole moiety was found to be most biologically active toxicophore as compared to 2m and 2o.
Lipophilicity is one of the important factors which influences biological activity and found essential for successful passage of drug through clinical development [24] . The logarithm of partition coefficient (LogP) between octan-1-ol and water is a leading physicochemical descriptor in many quantitative structure activity relationship (QSAR) studies [25] . The calculated LogP (cLogP) was used for assessment of lipophilicity. To correlate inhibition potential of 2a-p with respect to lipophilicity, cLogP was calculated by an online calculator available on the World Wide Web. For experimental determination of LogP (expLogP), the shake-flask method was used according to the procedure of Marica Medic-Saric et al. [26] . The values of P, expLogP and cLogP obtained were shown in Table 1 . The most active compounds 2h, 2i, 2j and 2n showed expLogP (cLogP) values 4.775 (3.91), 4.906 (4.03), 4.954 (4.03) and 4.702 (4.11), respectively; and are in the best correlation with rule-offive [27] . These results clearly indicated that, apart from aromatic moiety, the electron withdrawing substituents in proposed scaffold were not only playing a significant role in bacterial inhibition but also in controlling lipophilicity.
Thus to make legitimate this vision, we decided to substitute -Cl group at C5 in 1 with imidazole through nucleophilic displacement reaction, in refluxing DMF and using KOH as a base [28] . Four analogous (4-7) were prepared through Schiff base condensation of 3 with substituted aromatic amine (2-Cl, 4-Br, H) and 2-aminobenzothiazole as toxicophoric substituent according to Scheme 2. The compounds 4-7 were fully characterized through spectroscopic techniques (IR, 1 H-NMR, 13 C-NMR, Mass) and elemental data. The MIC assessment and expLogP/cLogP values were presented in Table 2 .
The significant increase (P < 0.0001) in zone of inhibition was observed for 2h, 2j, 2p and 2n with respect to 4, 5, 6 and 7 against studied pathogens ( Fig. 3a, b ). The LogP value estimated for 4-7 (imidazole at C5) were also found lower than anticipated for their chloro analogous ( Fig. 4 ). Thus, it was evident that electron withdrawing groups play a significant role in lipophilic control and inhibition activity.
The cytotoxicity of 2j and 5 has been investigated (in comparison to Edaravone) through brine shrimp (Artemia saline) lethality bioassay according to the method reported by Solis et al. [29] and described as LC 50 . The LC 50 of any substance is the concentration that kills 50% of the test organisms in a toxicity test. The 2j shown (33.5 µg/mL) better cytotoxic property in comparison to 5 (36 µg/mL) and Edaravone (38 µg/mL).
Conclusion
In conclusion, we have described a series of pyrazole Schiff base compounds with tuning different groups as pharmacophore. Assessment of 2a-p against E. coli revealed that compounds 2i and 2j have maximum inhibition potential at 0.31 µg/mL MIC levels. The 2j was found to be most active anti tubercular agent with 3.12 µg/mL MIC and found less cytotoxic in comparison to Edaravone. All the compounds described in this study are in best correlation with rule-offive. The results reported herein concluded that compounds without -Cl group at C5 position of the pyrazole ring were found less potent in comparison to their chloro analogous, probably due to lessen liphophilic nature. Overall, this conclusion helps pharmaceutical industries to develop some new medicines against various diseases. FT-IR spectra were recorded as KBr pellets on Shimadzu-8400 PC, FT-IR spectrophotometer with 4000-400 cm −1 range. NMR spectra were recorded in CDCl 3 -d 1 and DMSO-d 6 on a Bruker DRX-300 NMR spectrometer. The chemical shifts were expressed as δ (ppm) from internal reference standard TMS. Elemental analyses (CHN) were performed on Elementar Vario EL III, Elemental analyzer. ESI-MS spectrums were recorded on Agilent 6520 Q-Tof mass spectrometer.
Experimental

Materials and Methods
Preparation of 5-Chloro-3-methyl-1-phenyl-1H-pyrazole-4-carbaldehyde, 1
A round bottom flask was charged with ice-cold DMF (1.15 mL, 15 mmoL) and POCl 3 (3.2 mL, 35.0 mmoL) 
General Procedure for Synthesis of 2(a-p)
A mixture of an equimolar ethanolic hot solution of 1 and respective amines was taken in round bottom flask. Few drops glacial acetic acid was added and kept on reflux for 4-10 h. The reaction mixture was then allowed to cool and to stand overnight at room temperature. The product predicated was filtered, washed with cold ethanol, dried under vacuum and re-crystallized from ethanol:diethyl ether (1:1) mixture. N-((5-Chloro-3-methyl-1-phenyl-1H-pyrazole-4-yl 
Preparation of 5-(1H-Imidazol-1-yl)-3-methyl-1-phenyl-1H-pyrazole-4-carbaldehyde, 3
A round bottom flask was charged with 1 (1.0 g, 4.53 mmoL), imidazole (0.50 g, 7.35 mmoL) and powdered KOH (0.38 g, 6.79 mmoL) in 50 mL DMF and kept under stirring for 4 h at 120 °C. The reaction mixture was allowed to cool at room temperature and then poured into ice cold water (40 mL) with continuous stirring followed by neutralization with 1 N HCl until pH 7. N-((5-1H-imidazol-1-yl)-3-methyl-1-phenyl-1H-pyrazole-4-yl) 
In Vitro Antibacterial Assay and MIC Evaluation
The antibacterial activities and MIC for all compounds were determined as recommended by the National Committee for Clinical Laboratory Standards (NCCLS) in triplicate. A 50 μL bacterial culture containing approximately 10 5 colony forming unit (CFU) was applied to sterilized media plate by spreading with the cotton swab. The wells created in agar slab were filled with 50 μL of test and control. All pates were kept at ~ 4 °C for 20 min and then incubated at 37 °C for respective time (48 h for E. coli and 28 days for M. tuberculosis). Results were obtained in form of inhibition zone, measured in mm.
For MIC evaluation serial dilutions (for E. coli 5.00-0.0 µg/mL and for M. tuberculosis 50.0-0.0 µg/mL) of each test compounds 2a-p and 3-7 were prepared in MH broth. The 5.7 log 10 numbers of cells were inoculated in respective dilutions. All the tubes were incubated at 37 °C for respective time. A 0.10 µg/mL of Isoniazid, 0.20 µg/mL Rifampicin and 0.25 µg/mL solution of CP and GT were used as standard.
Brine Shrimp Lethality Bioassay
Brine shrimp (Artemia saline) eggs (1.0 g) have been hatched in a shallow rectangular plastic dish (22 × 32 cm), filled with artificial seawater (20 g of sea salt (NaCl, nonionized) in 1.0 L of distilled water). The water temperature was adjusted to 27-30 °C and pH 8.5 with 0.1 M Na 2 CO 3 . The hatching chamber has been opened to ordinary light and supplied with constant air using an air pump. The brine shrimps were hatched after 1 day, aeration had stop and hatching solution was allowed to settle for 20 min. The active nauplii free from egg shells have been collected in another beaker (rinsed with fresh water) were used for assay.
A stock solution of the test compound (10 mg) has been prepared in DMSO (10 mL) and transferred into clean sterile test vials with pipette (in triplicates) in such a way to get final concentration 5, 10, 20, 40 and 80 µg/mL. 1.0 mL of aerated seawater and 10 nauplii (immediately germinated from brine shrimp eggs) were added to each vial and final volume was adjusted with seawater to 2.5 mL per vial. DMSO in seawater was used as a negative control. After 24 h number of survivors in each vial has been counted and percentage of death calculated. Data obtained are the average value of the three independent experiments and have been analyzed by simple method to determine the LC 50 values, in which concentration of samples have been plotted against percentage of mortality of nauplii.
Experimental Determination of LogP (expLogP)
Shake-Flask Method
The partition coefficient (P) of 1, 2a-p, Edaravone and 3-7 were determined at room temperature in the ratio of 1:75 (by volume) of n-octanol (Sigma) and phosphate buffer (0.15 M, pH 7.4). The compounds were dissolved in DMSO at a concentration of 1.22-1.26 mg/mL to give the stock solutions. The buffer solution was pipette out in a glass vial; n-octanol and stock solution were added using a micro litre syringe. The phases were shaken together on a mechanical shaker for 30 min and then centrifuged at 3000 rpm for 15 min. The phases were separates out. The n-octanol phase was 1 3 removed carefully. Absorbance of the buffer phase was measured spectrophotometrically using a Shimadzu-1700 UV-Vis spectrophoto-meter at 204 nm. The value of P was calculated using the Eq. (1).
where P = partition coefficient; y = total amount of compound taken; x = amount of the compound in buffer phase after partitioning; V (buffer) = volume of phosphate buffer and V (n-octanol) = volume of n-octanol. Logarithm of P was considered as expLogP.
Calculated LogP (cLogP)
The cLogP was calculated by the methodology developed by Molinspiration as a sum of fragment based contributions and correction factors. This method is very robust and able to process practically all organic and most organometallic molecules (Molecular Properties Preciditions, OSIRIS Property Explorer, http://www.molin spira tion.com, http://www. molin spira tion.com/cgi-bin/prope rties ).
Statistical Analysis
The GraphPad Prism 6 (version 6.04 (Trial) for Windows; GraphPad Software, Inc., CA) was used to performed oneway analysis of variance (ANOVA). A P value < 0.05 were considered statistically significant.
